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I n t r o d u c t i o n  

DATE: May 12, 1967 

FROM: D .  Macchia 

of L L  - 1. .-2 - - -  - 
C . I I ~ :  ~ U V I U U S  i .equir*ements  Tor  a low c o s t  i n t e g r a t e d  

p l a n e t a r y  and  e a r t h  o r b i t a l  s p a c e  program i s  c o n s i d e r a b l e  
commonal i ty  of  hardware. i n  p a r t i c u l a r ,  t h e  d e s i g n  of a m u l t i -  
p u r p o s e  p l a n e t a r y  mis s lo r !  module i s  p r a c t i c a l  and r e p r e s e n t s  a 
s i g n i f i c a n t  c o s t  s av i -ng .  With m i n o r  m o d i f i c a t i o n  or a d d i t i o n a l  
d e s i g n  r e q u i r e m e n t s  t h e  p l a n e t a r y  module c a n  a l s o  p r o v i d e  a 
s u i t a b l e ,  c o s t - e f f e c t i v e  b u i l d i n g  b l o c k  f o r  e a r t h  o r b i t a l  m i s s i o n s .  
This memorandum a t t e m p t s  t o  p r o v i d e  t h e  r a t i o n a l e  f o r  t h i s  
devel.opment a p p r o a c h .  

Economic R a t i o n a l e  

Any manned e a r t h  o r b i t a l  e x p e r i m e n t  program i n v o l v e s  
t h e  c o s t  o f :  

1. t r a n s p o r t a t i o n  for e x p e r i m e n t a l  equipment  i n t o  e a r t h  
o r b i t ,  

2 .  equipment  and  mount ing  s t r u c t u r e ,  

3. power f o r  e x p e r i m e n t s ,  

4 .  data h a n d l i n g  and t r a n s m i s s i o n  c a p a b i l i t y ,  

5.  a t t i t u d e  c o n t r o l  f o r  e x p e r i m e n t s ,  and  

6.  crew t ime  f o r  e x p e r i m e n t a t i o n .  

The  c o s t  o f  p r o v i d i n g  crew t i m e  i s  by  f a r  t h e  most  e x p e n s i v e  
e l e m e n t .  T h i s  i s  a p p a r e n t  when i t  i s  c o n s i d e r e d  t h a t  most  o f  t h e  
l o g i s t i c s  and e x p e n s i v e '  hardware ( i . e . ,  l a rge  s t r u c t u r e ,  EC/LS, 
power,  e n t r y  module ,  r e a l  time communica t ions ,  e t c . )  are  n e c e s s a r y  
t o  s u p p o r t  t h e  crew.  
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A v a i l a b l e  crew t i m e  i s  a l s o  i m p o r t a n t  f rom t h e  s c i e n t i s t ' s  
v i e w p o i n t  s i n c e  t h e  a t t a i n m e n t  o f  any g i v e n  l e v e l  o f  knowledge 
i m p l i e s  t h e  e x p e n d i t u r e  o f  crew t i m e  on s c i e n t i f i c  equ ipmen t .  I n  
o t h e r  words,  knowledge or data  i s  r e l a t e d  t o  a v a i l a b l e  crew t i m e .  
I t  i s  n o t  enough t o  s i m p l y  t r a n s p o r t  equipment  i n t o  o r b i t .  
S u f f i c i e n t  crew t i m e  must  b e  p r o v i d e d  t o  m e a n i n g f u l l y  u t i l i z e  
t h i s  equ ipmen t .  For example ,  t h e  MORL and Donlan s t u d i e s  have  
p l a n n e d  on a n  a v e r a g e  o f  2 / 3  man h o u r s  p e r  pound of s c i e n t i f i c  
equipment  d u r i n g  one year  o f  o p e r a t i o n .  If t h e  g o a l  o f  any  e a r t h  
o r b i t a l  p rogram i s  s o l e l y  s c i e n t i f i c  e x p e r i m e n t a t i o n ,  r a t h e r  t h a n  
t h e  development  o f  hardware for some o t h e r  u s e ,  t h e n  a u s e f u l  
c r i k e r i a  o f  e v a l u a t i o n  o f  t h e  e x p e r i m e n t a l  program i s  t h e  c o s t  
of crew t i m e .  I n  t h i s  s e n s e  crew t i m e  i s  c o n s i d e r e d  l i n e a r l y  
r e l a t e d  t o  t h e  knowledge g a i n e d .  

* 

It i s  i n t e r e s t i n g  t o  c o n s i d e r  c u r r e n t  AAF p l a n s  t o  b e  
r e p r e s e n t a t i v e  of a f i r s t  g e n e r a t i o n  s c i e n t i f i c  s p a c e  s t a t i o n .  
L i m i t a t i o n s  o f  crew t i m e ,  power and  da ta  h a n d l i n g  make t h e  A A P  
s t a t i o n  r e l a t i v e l y  i n e f f i c i e n t .  Exper iment  p a y l o a d s  w i l l  a l s o  
be small  ( a p p r o x i m a t e l y  2,000-5,000 l b s . ) .  But t h e  DDT&E ( d e s i g n ,  
deve lopmen t ,  t e s t  and e n g i n e e r i n g )  c o s t s  o f  n ~ o s t  o f  t h e  hzrdxare 
h a v e  b e e n  e s s e n t i a l l y  p a i d  f o r  b y  A p o l l o .  A d d i t i o n a l  DDT&E c o s t s  
are  r e q u i r e d  f o r  a 90 d a y  CSM, which would b e  d e s i r e d  i n  a one  year  
program,  and  e x p e r i m e n t  s u p p o r t  ha rdware .  It  i s  est imated t h a t  
a 1 y e a r  3 mar, A A P  s p a c e  s t a t i o n ,  i n c l u d i n g  new DDT&E migh t  c o s t  
i n  t h e  v i c i n i t y  of  $800 m i l l i o n .  E s t i m a t i n g  18  man-hours p e r  day 
a v a i l a b l e  f o r  e x p e r i m e n t a t i o n ,  t h e  f i r s t  y e a r  o f  A A P  s c i e n c e  
would c o s t  $120,000/man-hour. It i s  n o t  c l e a r  t h a t  more t h a n  
one year  o f  crew t i m e  (or even  l e s s )  would b e  w o r t h w h i l e  s i n c e  t h e  
a s t r o n a u t s  r u n  o u t  o f  t h i n g s  t o  do w i t h  t h e  l i m i t e d  amount o f  
s c i e n t i f i c  equ ipmen t .  However, f o r  p u r p o s e s  o f  d i s c u s s i o n ,  an  
a d d i t i o n a l  y e a r  w i t h  3 r e s u p p l y  f l i g h t s  i n c l u d i n g  new s c i e n c e  
equipment  I s  assumed t o  c o s t  $300 m i l l i o n  r e s u l t i n g  i n  a $84,000/.  
man-hour o v e r  t h e  two y e a r  p e r i o d .  

MORL s c i e n t i f i c  o p e r a t i o n s  p r e s e n t  a w o r t h w h i l e  
compar i son .  I n  t h i s  c a s e  t h e  DDT&E c o s t s  must  b e  c h a r g e d  t o  
t h e  e x p e r i m e n t a l  program s i n c e  t h e  MORL i s  p resumab ly  i n c a p a b l e  
o f  any  o t h e r  u s e .  T o t a l  MORL program c o s t s  p l u s  1 y e a r ' s ' o p e r a t i o n  
are  e s t i m a t e d  a t  $2..5 b i l l i o n .  With 16,700 man-hours a v a i l a b l e ,  
MORL s c i e n c e  c o s t s  $150 ,000 /man-ho~r .  Here a g a i n  u s e  of t h e  MORL 
much beyond one y e a r  i s  q u e s t i o n a b l e .  It i s  s t a t e d  i n  t h e  MORL . 

s t u d y  t h a t ' l 4  months o f  1 0 0 %  u t i l i z a t i o n  o f  a v a i l a b l e  crew t i m e  
c o u l d  comple t e  t h e  e x p e r i m e n t a l  program. We c a n  assume a g a i n  
t h a t  a d d i t i o n a l  s c i e n c e  equipment  c o u l d  b e  r e s u p p l i e d  w i t h  t h e  
n e x t  y e a r ' s  o p e r a t i o n  ( a t  $425 m i l l i o n )  and  compute a 2 y e a r  crew 
t i m e  c o s t  of $88,000/man-hour. Now it would t a k e  a 3 man A A P  
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program 5 y e a r s  t o  c o m p l e t e  t h e  MORL e x p e r i m e n t a l  p rogram w i t h  
a d d i t i o n a l  s c i e n c e  r e s u p p l i e d .  T h i s  r e s u l t s  i n  a 5 y e a r  A A P  
c o s t  of $70,000/man-hour.  Thus,  A A P  u n i t  c o s t s  a r e  q u i t e  
c o m p e t i t i v e  w i t h  MORL, b u t  t h e  q u a n t i t y  ( a n d  p o s s i b l y  v a l u e )  o f  
da ta  g a i n e d  w i l l  b e  l o w e r  b e c a u s e  o f  l ess  e f f i c i e n t  equipment  
u t i l i z a t i o n .  

Now if t h e  b a s i c  MORL module and  s u b s y s t e m s  were 
s u i t a b l e  f o r  p l a n e t a r y  m i s s i o n s  and  DDT&E c o s t s  were a s s i g n e d  t o  
a p l a n e t a r y  m i s s i o n ,  t h e  program c o s t  would b e  r e d u c e d  by a b o u t  

p l a n e t a r y  m i s s i o n s  has a 2-3 y e a r  l i f e t i m e  r e q u i r e m e n t  w i t h o u t  
r e s u p p l y ,  l o g i s t i c s  c o s t s  c o u l d  b e  s h a r p l y  r e d u c e d  by s a y  
$300 m i l l i o n  (down f rom $ 4 2 5  m i l l i o n ) .  I n  a d d i t i o n ,  a s i g n i f i c a n t  
amount o f  program management and  crew t r a i n i n g  c o s t s  may b e  
a s s i g n e d  t o  a p l a n e t a r y  m i s s i o n  ( s a y  a $ 2 0 0  m i l l i o n  r e d u c t i o n  f rom 
$600 R i l l i o n ) .  Hence, i t  i s  es t imated  t h a t  t h e  t o t a l  p rogram 
c o s t s  p l u s  1 y e a r  o f  o p e r a t i o n  f o r  a n  e a r t h  o r b i t a l  p rogram 
u s i n g  a m o d i f i e d  p l a n e t a r y  n o d u l e  would b e  a b o u t  $1 b i l l i o n .  
Y e a r l y  o p e r a t i o n  c c s t s  o f  $ 1 2 5  m i l l i o n  a p p e a r  r e a s o n a b l e .  On 
t h i s  b a s i s  a 2 y e a r ,  6 man program would come t o  $34,000/man-hour.  

Program E v o l u t i o n  R a t i o n a l e  

$1 b i l l i o n .  F u r t h e r m o r e ,  s i n c e  a m i s s i o n  module  s u i t a b l e  f o r  . . 

A t  t h i s  p o i n t  i n  t i m e  t h e  l i k e l y  c o u r s e  o f  s p a c e  s t a t i o n  
e v o l u t i o n  i s  n o t  a p p a r e n t .  The l i m i t a t i o n s  o f  A A P  appear t o  make 
a l a rge r  i n t e r i m  s t a t i o n  ( o f  t h e  MORL c l a s s )  d e s i r a b l e .  It has 
a l so  b e e n  assumed i n  some q u a r t e r s  t h a t  a much l a r g e r  mult i -man 
o p e r a t i o n a l  s t a t i o n  would be  t h e  n e x t  s t e p  a f t e r  a n  i n t e r i m  s t a t i o n .  

I n  g e n e r a l ,  o r b i t a l  s p a c e  programs have  t h e  f o l l o w i n g  
p o s s i b l e  pui7poses: 

1. D e m o n s t r a t i o n  o f  l o n g  term s p a c e  f l i g h t  c a p a b i l i t y  o f  
b o t h  man and  s u b s y s t e m s ,  

2 .  Accomplishment  of e x p e r i m e n t a l  p r o g r a m s ,  and  

3. Long t e r m . o r  c o n t i n u o u s  o p e r a t i o n a l  t a sks  which  g a t h e r  
d a t a  f o r  g r o u n d  based u s e r  a g e n c i e s  or s c i e n t i f i c  
p u r p o s e s .  

Long term f l i g h t  d e m o n s t r a t i o n  i s  f a i r l y  w e l l  d e f i n e d  
and c o u l d  b e  e a s i l y  accompl i shed  b y  any 2 y e a r  program ( i f  
p l a n n e d  o n ) .  E x p e r i m e n t a l  programs on t h e  o t h e r  hand  v a r y  
c o n s i d e r a b l y ,  b u t  t h e y  are  a l l  f i n i t e  i n  t h a t  some number o f  man 
y e a r s . o f  e x p e r i m e n t a t i o n  i s  e n v i s i o n e d .  Af te r  t h e  i n i t i a l  
e x p e r i m e n t a l  p rog rams  a re  comple ted  t h e  crew w i l l  t h e n  s u p p o s e d l y  
c o n t i n u e  on f u r t h e r ,  b u t  p r e s e n t l y  u n d e f i n e d  e x p e r l m e n t a l  work 
a n d / o r  a l s o  commence o p e r a t i o n a l  t a s k s .  It  i s  t h e  area o f  
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o p e r a t i o n a l  tasks t h a t  r ema ins  q u i t e  p o o r l y  u n d e r s t o o d .  An 
o p e r a t i o n a l  t a s k  i n  g e n e r a l  has  d e f i n i t e  d a t a ,  crew t i m e ,  and  
equipment  r e q u i r e m e n t s  on a c o n t i n u i n g  basis  and  s u p p o r t s  t h e  
a c t i v i t i e s  o f  some g round  based  o r g a n i z a t i o n .  Manned s p a c e  
b a s e d  as t ronomy i s  an  o p e r a t i o n a l  t a s k  s i n c e  t h e  e x p e r i m e n t a l  
p rogram can  c o n t i n u e  i n d e f i n i t e l y  whereas manned m e t e o r o l o g y  
o r  e a r t h  r e s o u r c e s  may o n l y  be e x p e r i m e n t  programs which s e r v e  
to d e f i n e  f u t u r e  unmanned s y s t e m s .  

An e x p e r i m e n t a l  program can  b e  a c c o m p l i s h e d  w i t h  a 
l a r g e  s t a t i o n  i n  a s h o r t  t i m e  p e r i o d  or a small  s t a t i o n  i n  a l o n g -  
t i m e  p e r i o d .  A s  p o i n t e d  out p r e v i o u s l y ,  t h e  MORL can  a c c o m p l i s h  i t s  
i n i t i a l  e x p e r i m e n t a l  p rogram i n  o n l y  1 4  months .  It would seem 
unwise  to s e r i o u s l y  c o n s i d e r  t h e  c o n s t r u c t i o n  o f  l a r g e  s p a c e  
s t a t i o n s  u n t i l  i t  i s  d e t e r m i n e d  whe the r  or n o t  t h e y  can  b e  
e f f e c t i v e l y  u t i l i z e d  a f t e r  t h e  i n i t i a l  e x p e r i m e n t a l  p rogram a t  
t h e  l e v e l  of  a c t i v i t y  t h e y  a r e  d e s i g n e d  f o r .  R e g a r d i n g  o p e r a t i o n a l  
u s e  o f  s p a c e  s t a t i o n s  i t  i s  n o t e d  t h a t  o t h e r  o p e r a t i o n a l  s p a c e  
s y s t e m s  s u c h  as w e a t h e r  and communicat ions s a t e l l i t e s  a re  unmanned. 
It i s  h a r d  to e n v i s i o n  u s e  of man i n  s p a c e  w i t h  o p e r a t i o n a l  
s y s t e m s  o t h e r  t h a n  ma in tenance ,  c a l i b r a t i o n  o f  s e n s o r s ,  f i l m  and 
f i l t e r  c h a n g i n g ,  e t c .  The MORL s p a c e c r a f t  i t s e l f ,  which can  be 
c o n s i d e r e d  a n  o p e r a t i o n a l  sys t em,  has been  es t imated t o  r e q u i r e  
a b o u t  .04  man-hours/pound o f  S/C for o p e r a t i o n  and  m a i n t e n a n c e .  

p rogram.  C o n s e q u e n t l y ,  an  o p e r a t i o n a l  s p a c e  s t a t i o n  may r e q u i r e  
a smaller  crew t h a n  an e x p e r i m e n t a l  program s p a c e  s t a t i o n ,  w i t h  
t h e  a s t r o n a u t s  p e r f o r m i n g  mere ly  s h o r t  t i m e  s e r v i c e s  to t h e  
equ ipmen t .  

' T h i s  compares w i t h  t h e  2 / 3  man-hours/pound f o r  t h e  e x p e r i m e n t  

A good e x p e r i m e n t a l  p rogram would b u i l d  upon t h e  
r e s u l t s  of  AAP b u t  w i l l  b e  d i f f i c u l t  to p l a n  u n t i l  t h e s e  

. r e s u l t s  are  a v a i l a b l e .  C u r r e n t  i n t e r i m  s p a c e  s t a t i o n  e x p e r i m e n t  
p l a n s  p r o b a b l y  i n c l u d e  c o n s i d e r a b l e  d u p l i c a t i o n  o f  AAP e x p e r i m e n t s ,  
and a t  t h i s  p o i n t  i n  t i m e  t h e  i n t e r i m  s p a c e  c o n c e p t  can  o n l y  
o f f e r  a b i g g e r  AAP e x p e r i m e n t a l  workshop.  O p e r a t i o n a l  s y s t e m s  which 
might  m a t e r i a l i z e  some o f  t h e  economic b e n e f i t s  s u g g e s t e d  p o s s i b l e  
b y  o r b i t a l  o p e r a t i o n s  a re  t o t a l l y  u n d e f i n e d .  Any u n i q u e  i n t e r i m  
s p a c e  s t a t i o n  concep t  c o n f i g u r e d  s o l e l y  to p e r f o r m  a n  e x p e r i m e n t a l  
p rogram i n  optimum f a s h i o n  rests on weak l o g i c a l  g r o u n d s  u n l e s s  
j t  i s  a s e n s i b l e ,  c o h e r e n t  e v o l u t i o n  from AAP which o f f e r s  some 
d e g r e e  of  economic r e t u r n .  

W a i t i n g  f o r  d e f i n i t i o n  o f  a n  o r b i t a l  e x p e r i m e n t  program 
which  would i n  t u r n  p l a c e  r e q u i r e m e n t s  on an  o r b i t a l  m i s s i o n  module,  
and  t h e n  t r y i n g  to use  t h a t  m i s s i o n  module f o r  p l a n e t a r y  o p e r a t i o n s  
wou ld . seem to c a u s e  u n n e c e s s a r y  p l a n n i n g  d e l a y s  and  c o n f u s i o n .  As 
p o i n t e d  o u t  p r e v i o u s l y  a n  expe r imen t  program r e q u i r e s  crew t i m e ,  
da ta  h a n d l i n g  and t r a n s m i s s i o n ,  power,  moun t ing  s t r u c t u r e ,  e t c .  
Most of  t h e s e  r e q u i r e m e n t s  can  b e  s u p p l i e d  by a p l a n e t a r y  m i s s i o n  
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module i f  i t  i s  s p e c i f i e d  i n i t i a l l y .  An e x p e r i m e n t  mount ing  
r a c k  (or a module)  would then  be  t h e  o n l y  a d d i t i o n a l  r e l a t i v e l y  
low c o s t  ha rdware  development  r e q u i r e d  f o r  t h e  e x p e r i m e n t a l  
p rogram.  A c o m b i n a t i o n  m i s s i o n  module* and  e x p e r i m e n t  r a c k  c a n  
s e r v e  as a low c o s t  i n t e r i m  s p a c e  s t a t i o n  s u i t a b l e  f o r  any 
r e a s o n a b l e  e x p e r i m e n t  program (as i l l u s t r a t e d  by t h e  f a v o r a b l e  
compar ison  of  AAP w i t h  M O R L ) .  T h i s  l a t t e r  c o u r s e  o f  a c t i o n  
would seem t o  be a more r a t i o n a l  p l a n .  

Summary 

1. 

2. 

3. 

I n  summary: 

The czlii~s? o f  space  s t a t i o n  e v o l u i i o r i  i s  u n c e r t a i n  
s i n c e  t h e  o b j e c t i v e s  o f  e a c h  s p a c e  s t a t i o n  depend 
t o  c o n s i d e r a b l e  d e g r e e  on t h e  s c i e n t i f i c  r e s u l t s  o f  
t h e  p r e c e e d i n g  s t a t i o n .  I t  i s  n o t  c l e a r  t h a t  a n  
i n t e r i m  s p a c e  s t a t i o n  o f f e r s  t h e  p romise  o f  s u f f i c i e n t  
new f e a t u r e s  o v e r  an expanded AAP program t o ,  i n  i t s e l f ,  
j u s t i f y  s u c h  a new deve lopmen t .  Ana f i f i a l l y ,  l a r g e  
mult i -man o p e r a t i o n a l  s p a c e  s t a t i o n s  a re  u n s u p p o r t a b l e  
a t  t h i s  t i m e .  

The o b j e c t i v e  of  t h e  e a r t h  o r b i t a l  e x p e r i m e n t a l  
program i s  t h e  a c c u m u l a t i o n  o f  knowledge.  T h i s  
o b j e c t i v e  can  be a c h i e v e d  a t  s i g n i f i c a n t l y  l e s s  c o s t  
i f  a p l a n e t a r y  m i s s i o n  module i s  u s e d  f o r  e x p e r i m e n t  
s u p p o r t  r a t h e r  t h a n  a u n i q u e  i n t e r i m  e x p e r i m e n t a l  
s p a c e  s t a t i o n .  I n  f a c t ,  AAP i s  c o m p e t i t i v e  i n  c o s t  
w i t h  t h e  i n t e r i m  s t a t i o n  and  d o e s  n o t  r e q u i r e  any 
m a j o r  new development  c o s t s .  

The p l a n e t a r y  and e a r t h  o r b i t a l  e x p e r i m e n t a l  
p rograms can  s u p p o r t  one a n o t h e r  i f  t h e  p l a n e t a r y  
module i s  u s e d  as an o r b i t a l  s p a c e  s t a t i o n .  I n  
s p e c i f i c ,  a p l a n e t a r y  program r e q u i r e s  2 y e a r s  o f  
o r b i t a l  f l i g h t  t i m e  w i t h i n  which  t i m e  t h e  a s t r o n a u t s  
must  be k e p t  b u s y .  The o r b i t a l  e x p e r i m e n t  program,  
on t h e  o t h e r  hand ,  must s e l e c t  t h e  most c o s t - e f f e c t i v e  
means o f  a c h i e v i n g  i t s  o b j e c t i v e s .  

1013-DM-nmm D .  Macchia  

copy t o  
(see n e x t  p a g e )  

* 
Power, p r o p u l s i o n  and  s t o r a g e  c o u l d  b e  s u p p l i e d  by modules  

d e v e l o p e d  f o r  t h e  p l a n e t a r y  program or some o f  t h o s e  f u n c t i o n s  c o u l d  
be s u p p l i e d  by u n i t s  i n t e g r a l  w i t h  t h e  m i s s i o n  module.  The hardware 
i s  a p p r o x i m a t e l y  s imi l a r  f o r  b o t h  m i s s i o n s .  


